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INVEéTIGA'fIGﬁ"'b?_‘i'#f: RFFECT OF SPRAY STRIPS ON THE
LOT-SPEED SPRAY CHARACTERISTICS OF A 1/8-SIZE"
MODIL OF THE CONSOLIDATED PE2Y~3 FLYING BOAT -

' NACA MODEL 116E-3 .
'By Roland E. Olson
INTRODUCTION

"When the Consolldated Alrcraft Corporation PRIY-3
flying boat 1s operated at grdss weighté'véry much 1in ekées;
of the original gress welght of 56,000 pounds, the spray -
from the bow Becomes excessive and causes serious aaﬁage to
the propellers. Spray entering the cqrburetor intakes of
the inboard engines reduces the power output of-thése
englines. This loss in power prolongs the time during which
the spray enters the propeller disks and may even prevent
take-off.

'Cne measure for et least alleviatling the'difficultiés
caused by the spray was thought to be the fltting of auitable:
spray strips daround the bow and extending aft. The tests .
‘described in thls report have been made for ths purpose of
investigat*ng the effect of such spray strips on the spray
and determining in what form they should be fitted to give
the most Dract*cable answer’ to the problem of controlling

the spray at heavy loads.



The grioss welght ét'thisnflying boat has been
increased from.§6,006 pounds. to 66,000 pounds and a-
. further inecrease to 72,506 pounds 1s required, The
present tests wafe.fhefefore mgde at the latter values
of the gross welght. Spray.stripg of ‘two different
widths and three different angles to the horlzontal .
were Investigated. In order tq slmulate the full-slze
flying boat more accurately, powered propellers driven
by electric motors were installed.

Thege tests were requested by the Bureau of
Aeronautics, Navy Department.

APPARATUS

NACA tank no, l:aﬁd 1ts equipment are described
in reference 1. The apparatus and procedure which are
used for tests of dynarically simllar models ars
described 1n reference 2, A spring dynamometer ﬁas'.
Installed on the roller cage which guldes the towing
staff of the model, and the total reslstance was
estimated by measuring the deflectlons of the spring,.

DESCRIPTION OF THE MODEL

The mecdel used in these tests correspoads to the
PB2Y-3 alrplene,. Tour 0. 9=horsepower, 1l1l0-volt, high-;péed
series-wound, direct-current motors were installed in fhe

nacelles on the wing. Each motor drove a three-blade, metal
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propeller at approximately 5800,~pm.__ The scale propellere,

19.5 inches in_diameter, that were intended ‘for use-on this
model, were not available' qnd in order to .avold delay 1in :
testing, propellere that were immediately available were. - .
substituted. These propellere were three-blade ‘21,6
inches in diameter, and had a blade’ angle or 12°

The particulars of the model are~given in tablb I.
The lines of the baslc hull and of the subsequent modiﬂi--
cations are. ehown in figure 1. A deecription of the modi-
flcations with reference to model designatione and epray

-

photographs is presented in the following table.""' R B O

Spray .. -
B _|photographs,
Model no.f ... - Description . figure no.

116Z-3 | Basic model . e b 2

116=2-3f Horizontal spray strips, 1.5 Inches" 3.
"F. (1.0 foot, full slze) wide, added '
to chinee. Strlos carried around: |
vl -+ bow and extended aft ?9 «2 1nches

. (59,3 feet, full size Strips
' falred into afterbody. .o

1163 JBg ~ Horizontal spray strips of model |
116t-3f shortened. Strips ex-

. tended 30.0 inches (20,0, feet,

1., full size) from the bow and not

" * faired into the hull at after
end. LA

116E-3h | Spray stelps of. model 1163-3 . .5,
' - turned down 20°; starting: S 0 o

inches (5.3, foet Tull size) . .-
“from bow.’ _ C

116E-31 | Spray strips of model 116¢-3h re- 3
duced in width to 1.0 inch (0.67
foot, full size).

K




Spray
photographs,
Model no. Description flgure no.

1163-33 | Soray strips of model 116E-31 7
turned down 30° starting 3.0 &
inches (5.3 feet, full size)
from bow. Tull wldth of strilp
axtended 22.% inches (15.0 feet,
111l size) from bow ané failred
into hull 30.0 inches (20.0 feet,
f111 size) from bow,

116%-3k { Spray strips of model 116E-3j turned 8
down 3%0° startine 2.5 inches (1.7
feet, full sige) from bow.

The aerodynamlc aurfaces differ from the full
size in several respects. The area of the wings was
inereagsed by 15 pefcent, the slevator chord was 1ncreééed
by 20 ﬁercent, leading-edge slats and full-span flaps
were installed, and the stabllizer was set at =6° with
respect to the wing chords The changes were based on the
results of aerodynamic tests made without power, These
changes were made to compensate for scale effect and
low alrspeed under the towing carriasge. Although the
epplication of power has a large effect on the aerodynamic
characteristics (reference 3), no furthor modifications
of the eerodynamic surfaces were made, At the low
speeds at which the spray was being ;nvestigated, the
oeffect of power on the aerodynaﬁic surfaces was belleved to
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be. of, pecondary impditange. --: The fiodel- as- 1t was. ‘tested
eppeared .to’ réproduce :the undesirable-spray character-. .
istlcs-of the full size. . .. .

- -~ TTWST PROCEDURE eIt e

The wpray characteristics gt gross loads of 128.0
pounds (66,000 poundsg,. full size) and 140.5 pounds
(72,500 pounds, full size) were. Investigated... The model
was towed free to rise and free to pitch about-the center
of gravity which was located at 28 percent of the mean
aerodynamic chord. Tests were made at a slow rate of
-acceleration, 1/l. foot per second per second, .and T.eica
phqpographs of_the-bow,spray vere obtalned at speed intervals
of 1 foot per second. A contlinuous motlon pleture at 16
frames ner second vas obtalned durlng the same test run.
¥otlon plectures were also taken at s camera speed of 6l
frames per second and a carrlage acceleration of 1 foot per
second per ‘second. The sppearance of the spray in these
latter motion plctures should approximate that of the full
size-

The forward iilmit for steble positidns of the center of
gravity wag determlred for the final modification by making
accelerated runs at gevéral pcsitions of the center of.
gravity and observing. the ‘behavior of ~the model. ..The

proce@ure i1s described’ In reference 2.
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only the forward'iindt was investigated because, at
the high trims encountered at after positions of the
center of gravity, the parts of the hull affeofed by
the modificatlions were out of the water. '

The landing stabllity of the model with the
final modificatlon was glsc Investigated. These
landings were all made wlth the center of gravity at
28 percent mean serodynamlic chord and without power.-

RESULTS AND DISCUSSION

With a gross load of 10,5 pounds (72,500 pounds,
full size) the spray rose vertically at tﬁe nose of the
basic model at very low speeds, which indiocates that
elther the forebody 1s not long enough at this lncreased
gross welght or the trims at which the bow enters the
water are too low.e As the speed increased the bow
wave apneared as a blister (fig. 2) which was formed
about 6 inches (4 feet, full size) aft of the forward
perpendicular. Spray from thls bllster was pilcked up
by the propellers and the amount of spray entering the
propeller disk increased as the bow bIlster moved aft.
At approximately 13 feet per second (22 knots, full size)
the spray struck the propeller hubs, Thls water was
broken up by lmpact with the propeller blades and was
thrown back over the wing and engline naoelles, At
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e higher speed, when the peak of the blister had moved aflt
of the propeller disk, water was drawn up from behind the
-propeller and-was thrown.against the_under sqpche of the’
wing end the fleps. The propellers were not clear of the
spray untll the bow bllster had moved several inches aft

of the propeller dlsks,

The helght of the bow spray was very deflnitely in-
creased when power waé'applied. Although the spray was
clear of the propeller disk with 1dling propvellers, the
change 1n alr flow which was produced by the turning
vropellers caused the spray to enter the propeller dlsks.
(See reference 3 .y Concluslonas as to the effects of
modifications on bow spray are therefore subject to error
1f the effects of turning pronellers are neglected. .

The svray patterns were simllar at both of the gross
loads which were 1lnvestlgated. At the zreater load, the
soray was heavier and damesge to the pronellers from spray
would be more likely.

The addition of horizontul spray strips, model 1163-3f,
which. Increased the bean 1.5-inches (1.0 foot, full size)
on each side of the model, dic not cause an appreciable
reduction in spray through the propellers (fig. 3). . The
water no longer tended to rise vertically at tke nose at
very low speeds due to the presence of the horizontal spray

strip with the sharp chines. The reslstance and trim at
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hump speeds were definitelﬁ decréase& because of the in-
creased planing area of the forebody. -Recduclng the length
of the strips (model 116E-3g) produced no measurable change
in the spray charﬁcteri&tics (fig. li) and the resistance and
trim at hunp Speed'were approximately equal to that of the
basic model.

Yhen the strips were turned down 20° (model 116E-3h), -
the propellers were almost entirely clear of the spray
(fig.'S). The spra& from under the forebody was deflected
down and appeared to be broken up. Smooth, high blisters
did not form and the water was not picked up by the propellers.
The spray, 1n belng deflected downward, dld not appear to
strike the water surface and rebound into the propellers.

A }eduction In the wildth of the spray strip from 1.5
inches (1.0 foot, full size, model 116=-3h) to 1.0 inch
(.0 inches, full sire, model 116E-31) allowed some spray
agaln to enter the provneller (fig.5). The narrower strip,
which was also turned down 209, showed a largze improvement
when compared with the basic model but was not as satlsfactory
as the wlder strip. Turning the strips down an additional
10° (a total of 30°) was not effective unless the 30° @eflec-
tion started approximately 2.5 inches (1,7 feet, full size)
aft of the bow. Hodel 116E-3j, with & 30° deflection of the
strip starting 6.0 inches (;.0 feet, full size) aft of the

bow (fig. 7), had spray entering the provellers from a
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:.;1ister which originated ahead of the portion of the strip’
which was turned down.30°. Model 116E-3k, with a 505 _
deflection of the strip starting .0 inches from the bow,
showed satlisfactory spray characteristics (fig. 8). The
tendency of the spray to bounce oh striking the surface -
of the water had no apprecigble effect on spray in the
prcpellers.

The after ends of the spray strips of model 116=-3]
and mocel 116FE-3l: were faired 1nto the hull just forward of
the besching gear. Trhe full wiléth of strlp was contlnued
aft as far as the »nrooeller disk. hotographs showing the
change 1n spray pattern as these strins clesr the water are
given in figure 8.

Measurementas of the resistance of these latter modifil-
cations indlcate that nelther the resistance nor the trim

are asppreclably changed from that of the baslc model.

The variations of trim with speed for model
~ 116E-3X at gross weights of 128.0 pounds (66,000 pounds,
| full size) and 1;0.5 pounds {72,500 pounds, full size)
and without power are presented in figures 9 and 10,
Plots of maximum amplitude of porpolsing are showm in
figure 11(a). The curvas.ﬁhat wore obtalned from tests
of the basis model are also included. When the results
of the baslc model are compared with.thosé of model
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116E-3k, the differenses in meximum emplitude at fowxward
posltlions of the-oenter of gravity are found to be negligible.

The limits for stable'poéitions of the center of gravity -
of the baaic model are shown ir figure 11l(Db). Compgrable
data for model 1163-3% at the forward limlt are also included.
It will e aoted thet the addition of the spray strip had
no cooreclable effeoct on the forward limit for stable
poéitions of the center of giravity.

The landing charactoristics of model 116E-3k were
similar to those of the baslc model. o change would be
expected inasmuch as the parts of the modal affected by
this modification ars cloar of the water at landing spseds,

COFCLUDING EIMARIS

1. TFrom exnerience with tests of dymanlc models, with
and yithout porer, and from such correlatlions of the spray
of the model 7lth spra, of the full size that have been
nossli»le, it 18 aprarent that results from investigations
of the s»ray characteristices with models are subject to an
apnreciable'efror 1f the effects of nowar on the spray
pattern are not included.

2. The svray nrobleu encountered during operstion of
the Pa2v-3 flying boat spneared to we reproduced by tests
of the model.
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3. The Bprey charac%eristiés of the basic model
. definitely limit iﬁcreéses-in_gfqgs weight much beyond 128.0
pounds (66,000 pounds, full size).

L. ‘The addifion of spray strips 1.5 inches wide (1.0
foot, full size?f turned down 209, carried arougd'th; bow,
aﬁd~extend1ng gft"2215 inches *(15.0 ‘feet, full siz?)
prevented-water from fisihé vertically at the bow at very
low speeds, and the amount of spray thap entered the pro-
pellsr disks at a gross welght of 140.5 pounds (72,500
pounds, full size) waé small.

5. The additlion of spray strips, 1.0 inch (8.0
inches, full size), carried arounc the bow, turnsed dovm
306 aft of a point 2.5 inches (1.7 feet, full size) from
the bow, and extendling aft 22.5 Inches, was also satisizctory.
This modiflcation, however, was not as effectlive as the
former.

6. These modifications 6o not appreciably effect the
range of staﬁle vositions of the center of gravlity or the

landing characteristics.

Langley Memorlal Aeroneutical Laboratory,
National Advisory Commlittee for Aeronautilcs,
Langley Field, Va., January 27, 1943.
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TABLE 1

Dimensions of Baslc Airplane (Model 116E-3)

Hull - o
Beam at step, Iin.
Length, in.
Bow to main step at keel
Main step at keel to 2nd step
Tall extenslon
Over all
Type of step
Depth of step, in.
At keel
At mean
Angle of dead rise, deg
Including chline flare
Excluding chlne flare
Angle-of-forebody keel, deg
Angle-of-afterbody keel, deg
Angle between keels, deg
Center of gravity
Percent M, A,C.
Forward of step, 1n.
Wing
Area, £t2
Span, ft
Angle of wing settling, deg
L.m”. M.A.C. aft L..E.¥%. at root,
I..D. wlng at root aft of nose,
Length M.A.C., 1n.

Model
15.75

Lh9.81
317
36.9
118.50
300 vee

0,87
0.57

19,00
22.50

1
6.25
725

28.00
T+95

ax7.80
blZ.ES
3.00
g.o%
28.
2&.29

Full size
126.0

aActually 15 percent greater to compensate for loss in alr-

speed under towlng carriage.

bActually 18 feet to give 1l5-percent increase in area.
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]

NACA TANK NO. 1
National Advisory
Committee fo;' Aeronautics

K il - _
R e L

Model |16F-3
G,H

%t
~—= JK
-~ B

Model {16F-3G

Model {16E-3H

Model {{16E-3]

N

\ Model 116F-3J
A
|
\.%~ —
| I D S \%’
D7 ‘ ‘Model 116E-3K
=< 22-2- —- >
e 30 >

Figure 1 .- Concluded.




V = 9.0 fps

T = 17.5°

V = 11.0 fps
T =9.2°

V = 18.0 fps
T = 9.5°

Figure 2.- Model 116E-3. Basic model. LIS 140.5 pounds; center of
gravity, 28 percent M.A.C.; &, -25% &, 0°, full power.



V = 9.0 fps

T = '7.50

V = 11.0 fps
T+ = 9.2°
V = 13.0 fps
r = 10.4°

Figure 3.- Model 116E-3f. Same as model 116E-3 with horizontal spray
strip, 1-1/2 inches wide, extending 59.2 inches from original bow 5
Ao’ 140.5 pounds; center of gravity, 28 percent M.A.C. ée, -25";

?
5f, 00, full power.
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V = 9.0 fps

T =75°

V = 11.0 fps
r = 9,2°

V = 13.0 fps
T = 10.3°

Essg 10

TWAL - 3078F

Figure 4.- Model 116E-3g. Same as model 116E-3f with horizontal spray
strips extending 30.0 inches from original bow. A o’ 140.5 pounds;

center of gravity, 28 percent M.A.C.; 0, -25°; 8, 0°, full power.




V =.9.0 ips

T = 7.6°
V = 11,0 fps
T = 9.4°
"V = 13.0 fps
T = 10.4°

LmaL - 30694 ¥ Eing

Figure 5.- Model 116E-3h. Same as model 116E-3g with spray strip
turned down 200, 4 = 140.5 pounds; center of gravity, 28 percent

(0]
M.A.C.; o4, -25°% ¢, 0°, full power.

-f’
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r = 17.6°

V = 11.0 fps
r = 0.4°

V = 13.0 fps
T = 10.4°

LMAL -30691

Figure 6.~ Model 116E-3i. Same as model 116E-3h with spray strips
1 inch wide. 4, = 140.5 pounds; center of gravity, 28 percent

M.A.C.; b, -25°; S, n°, full power.



VvV = 9.0 fps
T = 7.5°

V = 11.0 fps
T = 9.4°

V = 13.0 fps
T = 10.4°

LMAL - 30692  _

Figure 7.- Model 118E-3j. ‘Same as model 116E-3i with the same spray
strips turned down 30°, starting at a point 6.0 inches from bow.
After end of strips faired into hull starting at a point 22.0 inches from
bow. Ao’ 140.5 pounds; center of gravity, 28 percent M.A.C.;

o, -25%; 0, 0°; full power.



V = 9.0 fps
T =7.4°
V = 11.0 fps
T =93
V = 13.0 fps
T = 10.4°

Tigure 8.- Model 116E-3k. Same as model 118E-3j with spray
strips turned down 30°, starting at a point 2.5 inches from bow.
sy, 140.5 pounds; center of gravity, 28 percent M,A,C.;

O¢s -25°; f’f, 1°; full power.




V = 16.0 fps

T =12.3°

<
i

17.0 fps

T = 13.0°

<
I

18.0 fps

T = 13.9°

IMALT= 30789

Figure 8.~ Model 1168E-3k. Concluded,
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